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* ATRORAPT RADAR’ 
Engr vapt I. Bakhmotor 
Saag referred to are Append: 


The purpose of this article is to describe  wietiy< the following 4 cies 
radar: (1) Radar in the interceptor, (2) Radar to warn of dangers in the 
rear, (3) Ratar for igontifying alroraft. 


1, Badar in the interceptor | : 


® The success cf fighter plenes in action in World War II was lergsly 
determined by use of radar. I: daytime, fighters wore aided by grouni-besed 
radar which located friendly and enemy aircraft; ground-based radio gave 
friendly atroraft detailed instructions concerning the course to follow to 
meet the enemy. At night, however, such oriontaticn was insufficient: to 
facilitate attack under night conditious, another instrument in the fighter 
wags required to enable the pilot, after resching the enemy area, to assum * 
favoradle attack'ny position and to close on his opponents at proper range. 





Such devices, called interceptor radar, were built and installed in | . ey 
two-seater fighters. It was the radar operator's duty to give the pilot neoos- o : rn: 
gary directions for contacting tho sneny. pa. teeth a 


The basic units of radar ere transmitter, receiver, marcxer, antenna, 
and a mit, 


jhe transmitter genecates short, high-frequency pulees which are 
radiated from « transmitting ancenna in hemiapherlon! wave fronts; are reflected, 
then amplified by the rereiver and finally delivered to the inlicator. 











zt 


Sanitized d Copy Ay Approved for Release 201 1/06/24 - CIA-RDP80-00809A000600210267- 3 | 








H Sanitized Copy Approved for Release 2011/06/24 : CIA-RDP80-00809A000600210267-3 












50X1-HUM 





4. oo 
WORF TDENTIAL 





° Let us now examine how early interceptor radar 4: ; 

cocrdinates of the target. Figure > hove the Raine Goes ees ae 

units on the plane. Tye aoe, Ane amtomnss are usgeioda, determine the elavae > °° 
tion angle. Ons antenna is placed sbove the wing surises, the other under- 

neath, The directional lobes from the uprer and lower antennag ere auch that 

the echo Pulges reflected from aircraft above the line of ¢ light are received 

mre atrongly by the upper antemm, whils theoss from airsraft beneath the line 

of flight are received more strongly by the lover enterms (Figure 2,a). | 








Signals reflected frou the target ant received by the ant | 
brougat through « awitch to ths receiver and thence to the bi pine pangs phere 
(Figura 2,¢). By means of the switch, the uppsr and lower antennas are | 
connected e@ltsernatoly with the receiver. There are alec avitches in the indii- 
Cator by meena of which incoming Slgnails fvom the upper antenna produce on the 
indtoator screen pulse pips directed upwards from the axial line, while inocsing 
signals from the lower antenna produce impulse pips directed downvarda. The _ 
intenel by: ‘Of these signals received by the antennas depsni on the position of 

- the target which affects the amplitude of the reflected echo pulaes. ‘The great- 
or the. d-flection of the pulees upwards from ths axial line, for exempls, the 
Digittcr vn® target's position, 





a. Pulses fron three Planes in the sam> position in relation to the lins 
of flight as those in Figure 2,0 ae shown on the elevation indicator in Figure 
2,0. (aigtance to: the first plane, one kilometer; to the second, 2 ki lometera; 


and to the third, 3 kilometers), 


a _ The azimith of the target is calculated in the same manner ae the 


“the plane. Directional loves of these antenmas are shovn in Figure 2,0, 


| The three planes shown in Figure 2,b are pro jected on a horizontal 
plane az shown iu Figure 2,c. Figure 2,4 shows the echo Pulses from these 
plenes on the azimuth indicator, 3 


. To summarize the observations fram the elevetion indicator ana the 
ecimuth indicator: it my be sald that plane 2 ie on the right and above the 
line of flight at a distance of 2 kilometers; plane 3 is to the left and below 
ata distance of 3 kilometers; and plane 1 is one kilometer in front of the 
fighter. 

Let us examine a radar aet the marker of which has two indicators. 
Thers are also radar myrkers with a larger number of indicators » out they are 
not widely used because they mk: the work of the cperator too complicated. 


Practical use has been mide cf mrkars that pernit eimltanso 
scamming the field of view on nly ons indicator, Tw parti cae, use oi 
been made of markers on indicators .n which the plans appears in the form of a 
ring of lumincua dots (Figure 3}. Tue brightness of the various parte of this 
ring is not uniform and depends on the position of the lomted Plane in rela- 
tion to the course of the fighter. If the airplanes is exactly in frent of the 
fighter, it will appear as a ring of usiform brightness (Figure 3,a). Any 
deflection of the plane from the axis of the righter's flicht will dscreese the 
brightness of the ring on the side opposite to the airplano'a doflectica 

( (Figure 3,b). The radius of the ring istermines the target renga. | 





The advantage of this merkur as compared with thosc examined sariler 
ig that the operator needs to watch only om soreen. 


Other types of indioators are also used in interceptor radar. We ehali 
touch upon taem in describing more medern apparatus. 


- 2. 


CONFIDENTIAL 








bom] i ; 


Approved for Release 2011/06/24 : CIA-RDP80-00809A000600210267-3 | 





Sanitized Copy 





: CONFIDENTIAL ff i 
| . a 50x! -HUM 4 
Figure bk ehows interceptor raisr in which the tre: mitting antenna is A 

Placed on tke nose of the plane; the elevation angle antennas are located on 
the left outer panel and the azimith antennas are located on the right and 

left sides of the fuselage. Thers hare been other methode of placing the re-... 
ceiving antennas. One, in particular, is to install all four receiving antemnas 
on the right and left outer panels, Another method 1a to put the whole antenna 
syetem in the nose of the plans (Tr guree 4 and 5). All theee antevnas are very 
large and seriously impair the a. “A yoaml ¢ properties of the airplane. 














The first interceptor radar operated on & wave length from one meter 
to one decimeter. With these rather long waves it was not possible to obtain 
a sufficiently wide field of search because of the marrow directi-oal Lobes and 
because of limitations in the over-all dimenstons of antennae permissible in 
aircraft. This type of antenna emity pulses in a wide beam and 4 considerable 

part of the radiated energy falla on the earth's surface. At di stances greater 
than the fighter's altitude, the signils reflected from the earth completely 
magic the echo signal from the target (Figures 2 and 3). Henos, the range of 
detection depenis on the altitude, To eliminate thia depenience, narrower 
directional lobes were necessary. This was accomplished by employing centi- 
meter waves. i 








The antenna of radar operating on centimeter waves is a half-wave reader 
horn located at the focus of a marebolic reflector. The emailer over-al1 di- . 
mensions cf the reflector mke it ssible to install the antenna inside the 
noge of the fuselage. The. directional lobe of thia type of antet.. is a narrow 
beam, | only: afew degrees wide. But it is difficult to detect a target with such 
@. PAXYTOY. ‘beam atnce it covers only a aml) part of the forvard hemisphere. In 
omer thet a large part of the field my be scanned by radar, the antenna is 
rotated . 





cate, | In this case (Figure 6), the msker indicator hes a radial arm or 

a a cursor which rotates aynchronously with the angular rotation of the antenna 

| beam, Usually the arm is not visible on the indicator; but when echo signals 
are reocived from the *-rget, a bright apot at a certain point, corresponiing 
to the distance from the target, will be formed on the arm. Whon the target 
te scanned by e rotating beam, luminous points emerge in a number of contiguous 
redial arms am thue form a emeall luntrous arc, The widtu of the aro la coter- 
mined by the amount of the target's divergence from the ling of flight. The 
greater this divergence from the antenna axia, the narrower the arc, siace the: 
beam rotates and remains on the target only for a short time. If the fighter 
ie folloring its target, the target ia exposed to radiation throughout the 
entire rotating aweep of the beam and trus & olosed ring will a al on the 
indicator. 


For convenience in observing the target at short ranges .om the 
fighter, the soalo of the infiocator tegins a sport epace from the center ani 
forms a luminous ring of amll diareter (first reading ring). The indicator 
in Figure 6 also shows the so-cal’ed altimeter ring, which is formed by tre 
reflection from the earth's surface of the smil: undirected gide lobes refitat- 
ing from the radar anterma. Scho signals from the earth's surface produce 
light spots on the screer. These spots do not materially affect ths range of 
redar detection. 


Intercepyor sadar, which has ee sinoe World War II, ie now moh 
improved. Waigat andi over-all direneions heave been decreased and they are more 
reliable ani simpler to operate. «mong the most importent improrenenta are 
avtouatic tresking in ~ * Sack and an inorezeed scanning field. 





Autom.tic radar tracking greatly increases reliability of aircraft 
interception under all atmepheric conditions ani also decreases probability 
of missing the terget. increared range mikes it ee for the crew to be 
yell er for attack. 
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This newor radar is installed on the plane tn the following positions; 
antenna, transmitter, and high-frequency parts of the receiver are in the nose; 
indicator, manual search contre) and various other. control and aurilieary ..... - 
apparatus, near the operator; on the pilot's panel are inéioator ani devices 
that show target range and velocity of approach. 


The radar antenna is a ‘half-wave dipole, located at the foous of a 
parabolic reflector. Tho lobes of maiimum power emitted by the antenna are 
slightly to the sides of the axis, Becsuss of the rotation of the dipole, the 
radar scamming field is enlargei and the axis of meaximm antenna emission 
desoribes a cone. In the process of scanning, the antenna reflector turns 
slowly to the right ani left. This increases the radar field of scanning to 
the sides. | : 





While scanning, the operstor oxamines the air situation by means of 
hie indicator, on which he sees the pulees from all planes within hie field of 
search (Figure 7). Azimuth angles sre measured on the “miloator along the 


horizontal axrie, and target ranges are measured aiong the vertical exig. A 
faint vertical tand indicates the angle of deviation of the antemma frax the 


Sutenmn reflector. 1 


. During search, no.targete at all are seen on the imiionter fa the 
sookpit;. only: the ‘Horizon line ia to be seen (Figure 8). ‘The position of tho 
‘norizon. line shows the riot hie plane's movement: an upward or downward 
‘deflection of the: horizon ‘ine irom the horizontal line below the acresn indi - 

gates that the airpsmie ie pitching or diving; an inclination to left cr right 
denctes.left or, right banking. 3 





After selecting his target before attack, the operator first detarmines 
the position of the antenma in relation to the target by manual eomtrol and then | 
shifts to automatic target tracking both for direction ani range. : 


After the automtic target-tracking device is ewitched im, the target 
silhouette of the airplane appears on the pilot's indicator (Figure 8). The 
position of the center of the silhouette shows the pilot the amount of the 
target's deflection. 7 i 


oe Switching devices show simitanoously the target range and the relocity : . g 
of approach, By watohing his instruments, the pilot establishes all aspects of : a 
flight and directs his plane in such a manner that the center of the silhoustte 
ovincides wivh the center of the indicator, a 


The span cf the silhoustte increases in proportion to the proximity of 
the enemy, The pilot opens fire rt the moment when the wing tips reach the 
vertice)] marks on the aziai lines of the indicator. 


Intercepter racar oan be used for purposes other than their primary 
task. They my servo to guide an airplane to its airiroms and also to permit 
blind landings. 


2, Radar Devices to Warn of Danger in the Rear 


for rear hemiephere observation ani for werning ‘he crew of ensay 
approack, so-called rear-werning rudar ig weed. ipis sot to installed. doth 
on fighters and. bombers. There ars two types, ons for passive and one for | i 
active warning. : 


Devices for passive warning consist of a receiver and transmitter and 
operate only after exposure to the cusuy interceptor rader. Such instruments 
are very simple, but their use demands kmowledge of the frequnoy of the ensiy 
intercuptor redar. For thin reason, the devices for paseive werning are rarely 
used. - . 
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Rear-warning sets for active warning are redjar sete which detect on 
ensmy by echo signals. 


°° Their basic unite are: tranamiiter with @ moduletor, receiver, antenna,’ ' 
indicator, and power unit (Figure 9). 





The principle of rear-varning rader is analogous to that of interceptor 
radar. ‘ ‘ 





An antenna inatalled on the wing is employed for signal ani transmission 
reception, | 


The method of signalinc the crew differs with the type of inetrumnt. 
The Pollowing signaling methods are in use: sounding of electric buzzore; audio 
signals through the intercommunication system (SPU); flashing signals, and ind - 
cations on cathode-ray tubes. | | 


For greater reliability in warning the crew, combinations of several 
types of aigmaling are sometimes used. 


| The instruments used in intercom,and the cathode-ray tubes are the only 
warning devices that indicate in some way the dietance of the approaching hostile 
aircraft. ie 





The defecta of the rear-warning devices in uss are their sail renge ani 
inabi lity to identify detected targete. 


In view of the fact that the lobe width of the beams mediates fron the 
antenm of rear-warning. devices ig rather large, atrong reflecticus. from the 
earth's surface can be observed on the inatruments. ‘ignals bouncing from the 
sarth unfortunately register on the rear-warning instruments and my thus mis- 
lead the crew. Hence, the range of these devices must to intentionally restricted 
ao that they can be employed even at low altitudes. 


To protect the rear hemisphere of heavy bombers, more complicated in- 
atrumente ars used, These do not merely ‘arn, but aleo aid in coordinating fire 
from the gune. We oall such instruments “radar shooting sights.” Som of — 
them operate entirely on optical sights and are employed to determine the targst 
range. They carry out automtic target-tracking according to distance. The 
data supplied by them are fed into a mathematical computor. | 


3. Radar Devices for [dentifying Aircraft 


Success in the tactical employment of radar eatirely depenis upon the 
ability to identify quickiy and positively any target aypearing within the 
radar station's field of scanning, Radar e:.cions without special equi paent og 
for :dentifying sircraft would Se completely unable to distinguish frienily : | “ie 
airoraft from enemy craft. The airoraft in first judged by type, its flight fits 3 oo 
couree, and by data from observation posts. To facilitate further identifica- 
tion of frienily aircrafi, various mane vers are executed by ts plane. For 
examples, following commands from the ground station, the airplens to be ldenti- 
fied (if frienily) mist execute sams specific maneuver which haa been previously 
reconied for reference on the radar plotting board or even directly om the inii- 
cator, ‘Thus, the airplane my fly in a aquare, or weave, otc.) 





Rune of these methods of identification is very -satisfactory, beozuse | . 
they are indefinite and tims consuming. Besides, it is not always possible to A a 
employ them. Therefore, it is necessary to construct and instcll apperatays oa ii oe - 
the planes themselves whioh will cause ite presence to be arene registersil ae 
on friendly radar inficators. | 





The earliest of these airborne sevices wus 2 wines: antenna tuned t> | th = 
radar frequency. With ald o7 a specisl switch, the antenne way alternately — Te ag : 
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connected and ssecaiee ted so that it produced a ‘pactoate pattorn in the amplt- 

» tude of the echo signals. By the presence or absence of these echo-pulua code ~ 
patterns in the radar indicator, friendly aircraft can be Alstinguished from 
hogtile craft, But thie system of identification has many aerious oereoxe! and 
was never very widely used. : 





. dm Lacrroved apparatus made its appearance after thig one, Instead of 
the antemma, a transceiver was aoe which was a type of airborne beacon for 
radar signals. 


As long as the airplane le not exposed to radar wares, this transceiver 
aata as ao receiver. When the airplane is exposed to radar waves, the radar 
pulges are received ami then amplified by the receiver and finally cause the 
trenemitter automtically to emit radar identification signals (beacon eignsis) 
on @ frequency squal to the radar frequency and with an amplitads acuswhat 
greater than that of the echo signals, The beacon signals are propagated 
immediately after the echo signals and, therefore, appear on the radar indi» 
cator, along with the original echo pulses, in the form of pulae pips with an 
amplitude slightly greater than that of the echo signals (Figure 10). 





} 


So that ordinary reflected pulses my be differentiated from beacan 
sienale, the identification apparatus is eo constructed that it does not transmit 
repl, a beacon signalz.on every pulse but skips 6 certain number of pulses. 

Thug, unlike echo impulses, the beacon signal palses alternately appear er 
disappear (flicker). To prevent the enemy from imitating beacon sigmals, the 
apparatus has @ coding device which mikes it possible to change both the dura- 
tion of the. impulece and their successive alternations acoomiing to. a finmod 
schedule. Thus, aircraft identification is carried vat, not = through the 
presence or absence of aiguals but aiso through coding. 





Such a system we oall "Joint identification,” Detection ant identifi - 
cation are here carried cut on the same wave. These devices were designed to 
permit cooperation between radar stations, airborne or ground-based, which 
differed only slightly in their cperational frequencies. With the continual 
development of radar and the sppearance of many stations operating on a great | 
variety of wave lengths, the construction of existing devices had to be obanged 
in order to enlarge their frequency banis. ( 


: The chief defects of the identification system in question are as. 
follows: 


The aystem is completely unsatis“actory from the standpoint of uni- === ©) &§ 
veresality. Thus, with the uae of rew wave lengths in radar, i+ ‘6 necessary : A oo 
constantly to incroags the weight ani. volum of airplane equipment, vhioh is ft 
obviously limited. er ig 


The systen is extravagant 13, operation, Thus, the identification oe : ~ 
device operates during the whole period of exposure of the alzplane to radar, | oe > 
although only a very few reply sigmils are needed for idomiificatio. — a a 5 8 


Because the same vave length is used in detectia and identification, 
thy beacon aterats oon ci jacent airorsft can affect tne operation of these 
devices. —— | 


| In semi-autonomous beacor systems & partial separation has been uade 
between detection waves andi identification waves, This was effected by tuning 
vne aircraft receiver to the radia: wave; but the vranemitter sends identifying 


signals on a frequency different from that of tae radar apparatus. Speciai — 
receivers are supplied to receive signals radar. 
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The semi-autonomous beacon eystem eliminates tne defects connected with 
the poseihility: of confusion with interrogators but all the cther defects in 
the "Jo! mt identification system” also ocour in the semi-autonomous system. 





Imnediately after the seml-autonoamus systome, the axtononous beacon 
syatons made their appearance » in which independent (autonomous) ey 
ranges were used. 





es The absolute ass’ gunent of a certain band to be used only in sdentits - 
ON ies ss. cation mide it. possible tc eliminate the chie? defect of the previcasly 
mentioned syeteme ani to install a great number of identification devices on 
airoraft. To send reply signals by the autonamous syatem, there te. nstelled 
on each plane a device, the "responder," which answers the. “interrogator.” 
But for ali. radar apparatus » whether on the ground or in afroraft, there are 
alge epecial attachments -- the interrogatora or challengers. 


The principle on which the autonamons beacon cystem operates is ehown 
in Figure 11. i 


Afte~ & target bas been detected by radar, the iuterrogator fe then 
ewitched in. The. Anterrogator te. oonaideradly lose. powerfal than the radar 
apparatus, but is: powerful enough to emit inguiry ‘pulses which atrike. the | 
‘plane to be identified... ‘But ainos the. ‘pulase of the. interrogator. are con~ 
giderably. ‘weaker than norm) redar. Ppalaes, their reflection trom the fuse. 
“ange: fade: rapidly: and cannot: ‘be detected by an interrogator. 








eet The: respenier | operetes only. when: the saterr . ator ig. ewitohed. in. 
In eutectass systems this eliminates. ths defect connected with the protracted 
operation of interrogators.used in: joint identification: systems. 


Figures follow./ 
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Azimith in degrees 
Figure 7 
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